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Dynamics of the far-infrared photoresponse in quantum Hall systems
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We have studied the time evolution of the far-infrared photoresponse of two-dimensional electron systems in
the quantum Hall(QH) regime. We have identified different contributions to the photoresponse by using
different sample geometries and by changing the direction of the magnetic field. In general, we have found a
fast responsémicrosecondsrelated to photoinduced Hall currents, and longer response fiopeso some
hundreds of millisecondgelated to the photoinduced longitudinal resistance. Both types of the response are
present in the bolometric response bound to the flanks of the QH plateau, and in the cyclotron resonance signal
bound to the photon energy of the probe radiation. We give a qualitative explanation of our results on the basis
of impurity-induced potentials for the localization of excited carriers.
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I. INTRODUCTION (2DES of the QH detector, is a unique property in compari-
son with other FIR detectors.
Quantum Hall(QH) system$ develop typically Landau In our study, we have investigated QH systems of differ-

gaps of the order of 10 meV. Therefore, these systems ca@nt shapegHall bars, meander-shaped devicesder vari-
interact effectively with far-infrared FIR) radiation with ~ Ous conditions in order to obtain detailed information on the
wavelengths of the order of 1g@m. A considerable variety limits of the detector performance and on the underlying
of results concerning the interaction of FIR radiation and QHMechanisms. Using the radiation of a pulsed tungb(@e
systems has been published within the last 2 decades: stafilR laser, we have distinguished clearly bolometric and

ing from investigations applying molecular gas la8gtever ~ Cyclotron-resonant, and also longitudinal atrdnsversal
measurements with Fourier-transform spectronietéup to (due to photoinduced Hall curreftsignal contributions. We
the application of tunabl@-Germanium laser§™15 Some observe fast(few microsecondsand slow coexisting re-

studies in this field were focused on the interplay betweePPONSe times, and attribute the fastest part of the PR to the
QH edge states and FIR excitatitit® transversal components.

Despite a considerable amount of basic research on the
interaction between FIR radiation and QH systeffts an  Il. SAMPLE DETAILS AND EXPERIMENTAL TECHNIQUE

oyerview, see Refs. 2-6, 12_)14”“.3 underlying mecha- Our samples are two GaAs/AlGaAs heterostructives-
nisms of the photorespon¢eR) are still a subject of contro- .. A and wafer B with the following parameters: wafer A

versy, and the dynamics of the photoexcited carriers in QH,4s  the two-dimensional electron densitp.=3.11
systems is still a subject E)f discussion. ~ x10" cm 2 and the mobilitys, o« =190 000 cri/V's, for
Whereas earlier papérs show clearly both bolometric wafer B the corresponding parameters —ame=2
and resonant contributions to the FIR photoconductivity ofy 101 cm;=2, 4, ,, =500 000 cré/V's. These wafers were
QH samples, in recent pap&fs“the response is completely patterned in different geometrigg70-um-wide, 2-mm-long
attributed to bolometric contributions of tﬁmngitudinal re- Hall bars; and 10th-wide’ 60-mm-|0ng, meander-shaped
sistivity. Whereas early papéfs reported aboutoexistence samples, X3 mn? squaré. The probe emission source in
of fast(about 10us) and slow(millisecond$ components of our experiment was @-Ge pulsed cyclotron lasefpulse
photosignals, in the recent paptr¥ the entire photore- width about lus, repetition rate 1 Hz, maximal peak power
sponse of a QH system was described via single exponembout 1 W, linewidth of the radiation about 0.2 chwhich
tially decaying component with a parameter-dependent decaig tunable around a wavelength of 1@@n by an external
time, continuously tunable in region between a few micro-magnetic field(for a description of the functional principle,
seconds and a few milliseconds. see Ref. 2D This allows us to make the time resolved mea-
The FIR investigations of QH systems are also interestingurements around filling factor=2 for a wide range of
from the applicative point of view. The meander-shaped QHelectron concentrations of 2DES in the QH samples. The
devices reach sensitivities as high a$ Y0wW and a noise photoresponséphotoinduced change of longitudinal voltage,
equivalent power of 10" W/(Hz)? (Refs. 11 and 12 The ~ AV,) of the samples was measured via a single high-
high spectral selectivitythe width of excitation spectrum of frequency cabldmaximum frequency 36 GHz, %D. The
about 2-5 cn’—Refs. 7, 8, and 11 and the spectral tun- corresponding time constafgample resistance multiplied by
ability by changing the magnetic field, or by changing thecable capacitangavas of the order of Jus and thus compa-
concentration of the two-dimensional electron systenrable with the response time of the fast parts of the observed
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FIG. 1. The time-integrated magnetic field dependence of the g » \&xy s 4
. 1 s 2
photoresponse of a Hall bar samgleafer B) at different photon E 0] ees — s :2 0 Hﬂf e
energies of g-Ge laser radiation, maximal laser intensly,, (cor- E 2 - £ o \ 7
responds to peak power about 1) Wias current 45uA, T=4K. g 4 '_é, 4 \.J-’ Xy
The inset demonstrates the linear dependence of the cyclotron res¢ ® -6 » 6 v
nance(CR) line on the magnetic field. 2 0 2 4 6 8 2 0 2 4 6 8
time (us) time (us)

signal. The sample current was varied typically froml Qib

up to 3. (I, is the critical current of the QHE breakdown FIG. 2. The time evolution _of P_R of the I—_|a|| bar sampleafer
A) at B=*6T for two opposite field directions(a) and (b)], T

=4 K, bias current 5QuA, photon energy of a laser radiation 9.8
Ill. EXPERIMENTAL RESULTS meV, J,ax, direct signal from the samplgo amplifiers. The de-

. pendencies show the presence of both the Hall-field-related part of
In Fig. 1, the photorespons®R) of a Hall bar(wafer B) PR (during initial 2—-3 us of a signal evolutiop and of the longi-

is s.h.own as a function of the magnetic field for diffgrer)ttudinm componentwith a decay timer of about 4—6us) which
positions of the laser line. Whereas the double peak insidgges not change the polarity with the change of the magnetic field
the plateau remains bound to the flanks of the QH plateagrientation.(c) and (d) The results of numerical separation of this
(bolometric respongethe negative peak moves with the la- transversalmarked byxy) and longitudinal(xx) components from
ser line, yielding a cyclotron mass af,=0.067n,, where  the data of(a) and (b). (c) The xx andxy components, the sum of
mg is the free electron magsyclotron resonance, QRAN which gives(a); (d) shows how the samex component, and they
important result is that the signal of the photoresponse iromponent after the sign inversi¢due to change of the magnetic
Hall bars is fast(signals with a rise time of the order of the field direction into oppositeB+ to B—), in sum are givingb).

rise time of the FIR pulse, and decay times of about Ls6
depending on the nature of the responsad the initial part
of the signal changes the sign with the change of the dire
tion of the magnetic field of the samp(Eig. 2). This means
that the signal of PR in the first microseconds after the puls
of FIR radiation is mainly the result of the drift component
of photoexcited electrons in the direction of the Hall field.
The initial period of time evolution of the relaxation of the
photoexcited electrons is significantly defined by the curren
flowing acrossthe sample, causing the fast part of longitu-
dinal PR in QH systems. Thus, we can write the expressio
for the longitudinal photorespons&V, of QH system as
follows:

In contrast, just the first term of E¢l) was mentioned in
Cany previous worké: 13 Consequently for the bolometric
hotoresponse, we should take into account not only the tem-
gerature derivative of the longitudinal resistance, but also the
contributions of the transversal resistafsee Eq(1)]. This
explains the details of the spectral shape of the photore-
ponse in Fig. 1, such that the low field part of the photore-
ponse curvéthe part of negative polarity at about 4, hiear
the QH plateau, is the part of bolometric signal caused by
I?)’pxy/rﬂ'e [see Fig. 80)]. Equation(1) shows that the result-
ing polarity of PR for both the bolometric and the nonbolo-
metric CR-related part, in reality can be of any sign, either
negative or positive. The signal polarity depends on the mu-
AV, = (Ape®™ Ap ) (LIW) gt (pyy+ A pry ™ tual orientation of the bias current and the Hall field in the
+ A pCRy | photo ) sample, and on the weights of different components of the
xy/iH signal. These weights of the components, in their own order,
bolom - . ) depend on the magnetic field, on the value of the bias cur-
where Ap;™" is the bolometric part of the photoinduced rent, on the intensity and on the wavelength of the applied
change ofp;; , which is proportional taJp;; /9T (Te is the  FIR radiation.
electron temperatuyeAp" is the CR-related photoinduced A similar field dependence of the polarity of PR was ob-
change ofpj; , I piasis the source-draibias Current;lﬂhomis served in Ref. 3 for the microwave photoresponse of QH
the photoinduced current along the Hall field, changing thesystems, which can also be described by expregdipn
sign with the change of the direction of the magnetic fiéld; In addition to the fast immediate few-microsecond-long
is the length; andv is the width of the QH sample. photoresponse, slow components of PR appears a few milli-
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FIG. 3. (&) The experimentally measured ratidR,, /AT, where y y y ! ! !
- - L . 56 58 60 62 64 66
AR,, is the deviation of the longitudinal resistance of a sample, B (T)
caused AT, which is the change of the sample temperature from
1.6 to 4 K, for the Hall bar sampléwafer A), at different bias ~_ (b) At= 2us (© At=30ps
currents(see the legend The p,,(B) curve at bias current pA, £ i'é? BOLO
T=4K, is shown as the guidelingb) The ratioAR,, /AT, mea- ; ; 0768 mov
sured in the same experiment with. The py,(B) curve at 5uA, 4 SRl N R R P
K, is shown as the guideline. S |ea 5 3| 0
£ .45 meV g ‘g |8Mtzme 1=
5 j ;1; me\\l/ S :_Eu 7.774 meV §_
— 774 me! 7 © “
seconds after the FIR pulse. In Hall bars these component§, |74%zsv < ;5.; Taany
are relatively weak. These components appear in the signa® 35 40 45 50 55 35 40 45 50 55
if the magnetic field of a sample is at the edges of the QH B (T) B (T)
plateau, or lies outside of the plateau. Thus, we observe thi - (@
. . . . ~ >
long decay times in the PR, as previously reported in Refs. & 2 8.6

and 5. Also, we can confirm the weak dependence of the 84

bolometric part on the wavelength of the FIR radiatisee
Fig. 1), as reported in Ref. 3.

When we investigate samples with meander geometry in
comparison with Hall bargwith a length of the meander
sample, which is by orders of magnitude bigger than the 45 4.6 4.7 48 4.9
width), the role of longitudinalp,,-related components of B(M
PR is dramatically increased. The PR remains spectrally
similar (Fig. 4), but changes its temporal behavior. Rather
long response time@vith decay times of about 300—3k6§)
appear in the PR signal§ig. 5), and these long time com- FIG. 4. (a) The magnetic field dependence of the PR at different
ponents do not change the sign with the orientation of thatages of the signal evolution. Hefd is the time delay after the
magnetic field of sample. At the same time the fadiout start of p-Ge lasing. The meander-shaped samafer A), T
6—8 us decay time in all meander samples under study =4 K, bias current ,;,=60 1A, laser photon energy 10.78 meV,
field direction-dependent part of PR, also occurs in meandergaximal intensity of radiation(The inset shows the scheme of
as in the Hall bar samples, and moreover grows in amplitudéesign of the meander QH sampleShe bolometric and CR parts
with the increase of the length of the sample. This is underof PR (indicated overlap at the early times of relaxation, but are
standable: the Hall current appears after the FIR pulse in thelearly distinguishable after a few tens of microseconds. The
cross sections of the sample in regions with a local increas@«(B) curve is shown as the guideling), (c) The magnetic field
of the Hall field (due to potential fluctuatiopsand the in-  dependence of PR of the meander samiplafer B) at different
crease of the length of the sample increases the number GS€r Photon energiedy,,, bias current 25uA, T=4K. Here(b)
such regions. The current occurs due to the appearance of h‘iﬂ;eSpondS.tq the garly stage of PR with .the delay tm.e
photoexcited electrons or/and due to QH breakdown if the * ps, consisting mainly of Hall_part of PR with the decay time
bolometric part of PR near the QH plateaus is considerecfr:fsl_s_‘t‘s(’j_(c)I correspondts t%‘:;SOOMS agcri] reprelsen;s m?|n||y
The photoresponse, being as long as a millisecond, tens arége. ONTLCINa; CoMPONEA® WA= SoUxs. : © scele O veriea
even hundreds of milliseconds, also remains in the meandé 's on(c) is 5 times smaller than that fab): the py(B) curve is

) . . fhown in(b) and (c) as the guideline(b) and (c) clearly demon-
samples. This long-time part of PR is much more stable an trate the dynamics of relaxation on the example of the bolometric

pronounced in meanders than in Hall béfsg. 5). PR: shortly after the FIR pulse, the QH plateau shriivks observe

The results on the meanders nicely illustrate the details 0f single peak—se)], after 30us we already observe the double-
the bolometric part of the PR. Figure 6 demonstrates the fieldeak structurgsee (c)], i.e., the QH plateau returning back to

dependencies of PR for the _bolometric PR near th_e fillinghe initial width as it was before the FIR puls@l) The depen-
factor v=2 for the PR magnitude measured with different dence of the CR line energy on the magnetic field, from the data of
time delays after the FIR pulse. It is clearly seen that the Hallb) and(c).

m =0.067m,

® o
o i

N
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N
o

Laser photon energy
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(2]
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é 38 —— XY e E 33 __J :: FIG. 6. The picture of relaxation of the magnetic field depen-
§ 30 3 -30 /'/' dence of a bolometric PR in the meander-shaped satwgiter A),
S b E 60 Ly I hias= 25 A, laser line at 10.91 meV, maximal laser intensity. The
? 10 0 10 20 30 40 @ 90 0 6 10 20 30 40 field dependence af\t=1us [mainly defined by fast(field-
time (us) time (us) direction dependehtomponent with a decay time=6-8 us], for
the part of PR which appears almost simultaneously with a FIR
(b) At pulse, is a product of the superposition of two peaks, bound to the
| | flanks of the QH plateau. With timgsee the field dependencies for
—~ 501 longitudinal PR components witht= 30 us (when it is mainly the
P - Xy+XX part of longitudinal PR with7=350us, At=2.7ms andAt
é 40 \ =20 mg, the distance between these two peaks grows. They return
g \ 1=6-8 HS back to the positions of the QH plateau flanks before the FIR pulse,
g 304 \ as defined by the bias current.
a '\
g 201 W 1=280-350 us the temperature of the lattice. The FIR pulse excites hot elec-
E 104 \.~ XX =40 ms trons and destr_oys the equilibrium Qistribution of the carriers.
> -a -M /TZQOO ms The system quickly reacts with a fggttakes not longer than
w 01 XX — Tage-nmm XX 1 ws) shrinking of the QH plateau. The FIR pulse causes the

" T J T T d J appearance of a Hall current. Then the system relaxes back
1us 10ps100ps 1ms 10ms100ms 1s to the initial width of the plateau. This behavior is also seen
time in Figs. 4b) and 4c), where afterAt=2 us we see effec-

) i tively a single peak of bolometric PR, and after g8 a
FIG. 5. (a)—(a4). The time dependence of the bolometric part double-peak dependence develops.

of PR of the meander-shaped samplafer A). T=4 K, J,,.- Here

(ald), (a2 show the early stage of PR at two opposite directions of_..
the magnetic field foB=+5.9 T, |, 25 uA, laser photon en- ation of hot electrons and to the breakdown of the QH effect.

ergy 10.92 meV, signal was recorded directly from the sarfe FIR_r_ad_latlon is just another mechanism to generate hot non-
amplifierg; (a3, (a4 represent the results of numerical separationeqUIIIbrIum e_Ie(_:trons. In that sense the ef_fec.ts of blas current
of the Hall (xy) and longitudinal(xx) components of PR from the and FIR radlatlc_)n are somehow compe_tlng. havm_g a lower
traces in(al) and(a2. (b) The entire time dependence of PR on the current and a higher '”,tens'ty of excitation, or & hllghe.r cur-
example of PR trace of the meander santplafer B), laser photon  '€Nt and a lower FIR intensity, we can reach quite similar
energy 7.774 meV,., bias current 50uA, T=4K. One can physical situations. For example, at high FIR excitation we
clearly see the earlier mentioned parts of PR with differerand ~ €an easily observe the merge of two peaks of the bolometric
the meaning ofAt. We have selectedt=2 us andAt=30us in PR to an effectively single-peak field dependefa® it was
our scans vs magnetic field, because in the first case it gives théescribed in Ref. 14 and the same effect can be observed
information about fast Halty component of the PR; and after 38  just by increasing the bias current.
the PR is almost completely defined only by longituditad) part The bolometric and resonant components of the PR dem-
of PR. onstrate the difference not only in the magnetic field depen-
dences. They are also different in dependence on the bias
current-related fast component of PR is larger than the loneurrent. For the bolometric part of PR, the bias current de-
gitudinal components even in the meander samples, if wpendence for the fast Hall field-related part of PR is almost
consider the bolometric PR. linear (see Fig. 7 independently of the position of laser line.
The double peak structure, followingp;;/dT., has a This simply reflects the linear dependence of the Hall field,
closer distance between the peaks for the fast componerdnd therefore of the photoinduced Hall current in the QH
and then the distance between the peaks grows with timeystem, on the bias current. At the same time, the CR- related
Thus, we really see the electronic bolometricity, because opart of PR has another bias current dependence. Despite the
the microsecond scale the distribution of electrons obviouslyact that the fast part of PR i@s in the case of bolometric
already can be described by the electron temperafyre PR) clearly Hall-field dependent, and changes the sign with
which slowly (in millisecond$ decreases and finally reaches the change of the direction of the sample magnetic fist

It is knowr?! that the bias current itself leads to the cre-
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60 | about 6- to 8us decay timg a slow componen(of about
300- to 350us decay timg and a slow millisecond-
component if we were out of the QH plateau. In the samples
with low mobility, the sensitivity at the CR is low, and the
CR line is observable only at relatively high bias currents
even at the highest applied intensities of laser radiation. With

Signal amplitude (mV)
il

-204 —a— = 6-8 115 increasing_ sgmple mobility the CR-related ggnsitivity grows.
0] —e— =300 -350 us Although it is usually argued that the semi-insulating sub-
—v—At=27 ms strate should not affect the PR, a possible influence of sub-
-60- —4= =40 ms strate heating by the intense laser pulses due to resonant
80 80 -40 20 O 20 40 60 80 interaction with impurities cannot be completely excluded.
I, (HA) However, no distinct lines, which could be attributed to this
1as

effect, could be detected.

FIG. 7. The dependence on the bias current for different com-
ponents of the bolometric PRL.=4 K, meander samplévafer B),
B=4.28 T, laser position 7.774 melCR at 4.5 T, Jax- The ar-
row demonstrates the position k. To summarize our experimental results, for the FIR pho-

toresponse in QH systems we have observygdthe major
Fig. 8), in the case of CR response the bias current deperimportance of the Hall field(2) the existence of a depen-
dence is clearly nonlinear. The interesting aspect is that theence of the sensitivity of QH systems on the mobility for
nonlinearity for the CR PR-dependence appears at the bid8€ CR-related part of the PR, which indicates the impor-
currents, where the current—voltage characteristic of th&&nce of random potential and localization of carriers in this
sample is still lineaat the measurement position the longi- Potential;(3) the observed difference of the PR decay times
tudinal voltage on the sample grows linearly with the biasfor Xx andxy components. _ _
current until about 20A). Thgse f_acts lead us to the conclusmn_that in QH sy_ster_ns a

In our experiments, for the Hall bars the time dependen-Ha” field-induced anisotropy qf scattering an_d |(?C8.|I2at.IOI’]
cies of the PR for the bolometric signal and the CR reso/May occur. The r_andom p_otentlal—related localization regions
nance were similar at all applied radiation intensities. In Hall(Fig. 9 are not isotropic in the presence of the Hall field.
bars, we did not find any observable dependence of the timg€cause of this Hall field, the localization *lakes” should be
constants on the mobility of sampl&sin meanders in our larger in size in the dlrectlt_)n along the Hall fl_eld. During the_z
experimentswith the laser intensities we usetthe time con-  FIR pulse, we create excited electrons, which move easier
stants of PR also demonstrate no dependence on the sam@ieng the Hall field: with less scattering eveiies the ran-
mobility, in contrast to data of Refs. 10 and 12. For alld0m potential than in the perpendiculato the Hall field

samples under study we observed a fast Hall compofuént direction. Moreover, in the initial time after the pulse we
should have the appearance of an effective “flattening”—a

reduction of the importance of the random potential along

IV. DISCUSSION

_-:::gdog%sss;s] the Hall field due to screening, i.e., the “lakes” should trans-
(a) If%ms (b) form into stripes. Then, the relaxation of system means the
Ta teb.805 () relaxation from such a strongly anisotropic stripe-like local-

xy A\ B+

ization potential back to more isotropic case. Naturally, for
the CR-related effectéwhich are bound to the degree of
scattering and thus to the disturbance of the free motion of
electrons along the cyclotron orpithe changes in size, di-
mensions, and shape of the regions in which the electrons
can move, should affect the CR-part of the PR. Conse-
quently, the higher mobility samples, having larger fluctua-
tion length scales and better conditions for CR, can show a
more pronounced sensitivity of the CR.

On the basis of our results, we would like to comment on

FIG. 8. () The dependence on the bias current for different>0M€ cpnclusmns made in some previous works on the
components of the cyclotron resonance PR, for the meamager mechanisms of the FIR photoresp_onse of the .QH systems
B), Jua, T=4K. The results in(a) were obtained undeB (Refs. 6, 9, 11, and 12 Many.prewous conclusions were
—+4.875T, laser at 8.45 meltyclotron resonangeThe change based on the results _of expenments where _thg authors used
of magnetic field direction changes the polarity of the fastthe€ nonmonochromatic wide-range FIR radiation, and long
(r=6-8us) transversa(Hall) component of PRisee(a), cases durations of pulses. Under such conditions it was technically
B+ and B—]. The measurement positigiprecise CR is shown impossible to distinguish different components of PR. For
in (b). (b) The magnetic field dependence of the longitudinal €xample, the conclusion that the entire FIR longitudinal pho-
voltageV, for the same sample at different bias currents, no FIRtoresponse of QH system is proportional @pg,/JdT)AT,
illumination. and can be completely explained via this single term was

i " \

V, (arb. units)

v B/
Won
80 50 40 20 0 20 40 B0 80 100 35 40 45 50 55

I, (A B(M

bias

Signal amplitude (mV)
=3
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(@ E

I bias =

0 (b) E, The understanding of this fact allows us to explain the
0 > | differences in the bias current dependence of PR for different
magnetic field positions, observed in Ref. 11. The observed
linear or nonlinear dependencies simply reflect the actual
weights of bolometric, or of CR-related, mechanisms of PR
for the given sample at the given magnetic field.

These arguments, the above-mentioned observation of the
independence of the bolometric part on the laser line posi-
tion, and previous results of spectroscopic investigations of
QH detectorgsee Refs. 7, 8, and 12: the spectrum of sensi-
tivity of the QH detector demonstrated just the cyclotron
resonance line even in the case of low FIR intensitd®w
that the PR of QH detectors cannot be interpreted as com-
pletely bolometric even at lowest FIR intensities.

Another possible complication in the recovery of the
;1 OB component of the PR can be due to the selected patterning

FIR geometry of our QH samples. Due to our experience, the
decrease of the width of meander samples leads to an in-

FIG. 9. The possible evolution of an electron localization pic- cregse of the weight of thex parts of PR. Therefore, they
ture in our experimenia) The picture of a localization potential in component of the PR was very effectively masked by the
a part of a QH sample be_fore application of the spurce-drain ﬁelqargerxx components.
and appearance of the bias curréggs. (b) The picture of the In our results we confirm the coexistence of different time
localization potential before the FIR pulse. The regions of localiza-.5|65 of the PR, Therefore, the description of the relaxation
tion are larger in size along the Hall fieff; (Ey is about 1&x photoexcited electrons via one monoexponential single

(after the QH breakdownwhereEy is the longitudinal component . .
of the electric field inside the QH sampléc) The FIR pulse heats d;gzzc’)tlnn;&gependen(:as in Refs. 10 and }&ppears to be

the electron system and causes the transitions of electrons to highg
Landau levels. The sample reacts by the transformation of the lo-
calization regions into “stripes,” and by the appearance of the Hall

current IPM°° [the profile of the scattering potential across the V. SUMMARY
sample (screened potential fluctuationsliffers from the profile
along the sampldéwell developed fluctuations (d) The picture

In conclusion, we have observed the existence of two

some time after a FIR pulsé¢!° decreases and the regions of components of the FIR photoresponse of quantum Hall
effective localization relaxes. The drift of “colder” electrons in the systgms—a transve_rsal and a longitudinal pomponent, each
longitudinal fieldEy and(in the case of CRthe processes of orbital of it corresponding to two mechanisms of the

and percolative motion of electrons in the relaxing regions becom@hotoresponse—the bolometric PR and the cyclotron-
dominant. resonant PR. The transversal components of the PR decays

within a few microseconds, the longitudinal components

_— ) o _ demonstrate longer decay timés few microseconds to a
initially based on the topological similarity of experimentally o\ hundred microsecongsdepending on the length of

obse_rved plateau-bound double_—peak magnetic field depe%amples. Our results show that, using appropriate compo-
dencies of PR of QH systems, with the double-peak shape gfents of PR of QH system, we can produce FIR selective
the temperature derivative @f,. But, our resultysee Fig.  tunable detectors, which are not only 3 orders more sensitive

4(b)] clearly demonstrate that the efficiency of nonbolomet-(Ref, 19, but also 3 orders faster, than the conventional Si
ric CR-related part of PR is maximal at some intermediatgyglometers, working at the same temperature.

distances from the flanks of QH plateau, and going down if
we either increase the distance between position of CR and
flanks of QH plateau, or if we go with CR position inside the
QH plateau(in fact, inside the plateau the efficiency of CR is
zero, as shown already in Ref.. ¥hat means that if we plot We thank Professor K.v. Klitzing, Professor R. J. Haug,
the dependence of CR efficiency of a QH system versus Brofessor R. R. Gerhardts, and Dr. U. Zeitler for fruitful
magnetic field, we obtain just a wider, but looking similar to discussions, Professor I.V. Kukushkin for his contribution in
the bolometric one, double-peak structure around the Qhhe development of our experimental setup, and Dr. G. Hein
plateau. So, if using the wide range polychromatic FIR ra-for the preparation of meander samples. The work was sup-
diation, for each magnetic field our QH system will receiveported by the Schwerpunktprogramm “Quanten-Hall-
the corresponding spectral part of radiation resonantly, an@ysteme” of the Deutsche ForschungsgemeinsctizfiG),

the rest via the bolometric mechanism. As a result we shoul®roject No. Na235/10-1. Yu.V. and S.S. also acknowledge
indeed obtain the double-peak magnetic field dependencéhe Russian Fund for Basic Research and the Russian Pro-
which in reality will be the product of overlap of bolometric gram “Physics of Solid State Nanostructures” for partial
and CR efficiency curves. support.

ACKNOWLEDGMENTS

085308-6



DYNAMICS OF THE FAR-INFRARED PHOTORESPONS. . . PHYSICAL REVIEW B 66, 085308 (2002

K. von Klitzing, G. Dorda, and M. Pepper, Phys. Rev. Lés, Nizhny Novgorod, 2001, p. 196.

494 (1980. 11y, Kawaguchi, K. Hirakawa, M. Saeki, K. Yamanaka, and S. Ko-
2J. C. Maan, Th. Englert, D. C. Tsui, and A. C. Gossard, Appl. miyama, Appl. Phys. Lett30, 136 (2002.

Phys. Lett.40, 609 (1982. 12y, Kawano, Y. Hisanaga, H. Takenouchi, and S. Komiyama, J.

3D. Stein, G. Ebert, K. von Klitzing, and G. Weimann, Surf. Sci. Appl. Phys.89, 4037(2002.

142 406 (1984); D. Stein, Diplomarbeit, TU-Machen, 1983. 13K, Unterrainer, C. Kremser, E. Gornik, and Yu. L. Ivanov, Solid-
4R. E. Horstmann, E. J. v. d. Broek, J. Wolter, R. W. v. d. Heijden,  State Electron32, 1527 (1989.

G. L. J. A. Rikken, H. Sigg, P. M. Frijlink, J. Maluenda, and J. #Yu. B. Vasilyev, S. D. Suchalkin, Yu. L. Ivanov, S. V. Ivanov, P. S.

Hallais, Solid State Commurs0, 753 (1984). Kop'ev, and I. G. Savel'ev, JETP Let66, 377 (1992; S.
5M. J. Chou, D. C. Tsui, and A. Y. Chdroceedings of the 18th Suchalkin, Yu. Vasilyev, Yu. Ivanov, S. lvanov, P. Kop'ev, and T.

International Conference on Physics of Semiconduct@/srid Ohyama, Solid-State ElectroA0, 469 (1996.

Scientific, Stockholm, 1986 p. 437. 15N. G. Kalugin, Yu. B. Vasilyev, S. D. Suchalkin, G. Nachtwei, B.

K. Hirakawa, M. Endo, K. Yamanaka, Y. Hisanaga, and S. Ko- E. Sagol, and K. Eberl, Physica &4, 166 (2002; Physica E
miyama, Proceedings of the 23rd International Conference on  (Amsterdam 12, 144 (2002.
Physics of Semiconductof8Vorld Scientific, Berlin, 1998 p. 16R. Merz, F. Keilmann, R. J. Haug, and K. Ploog, Phys. Rev. Lett.

2543, 70, 651 (1993.
V. 1. Gavrilenko, I. V. Erofeeva, N. G. Kalugin, A. L. Korotkov, 17R. J. F. van Haren, F. A. P. Blom, and J. H. Wolter, Phys. Rev.
M. D. Moldavskaya, Y. Kawano, and S. Komiyanfaroceed- Lett. 74, 1198(1994).
ings of the Sixth International Symposium Nanostructures: Physt®A. Lorke, J. P. Kotthaus, J. H. English, and A. C. Gossard, Phys.
ics and TechnologySt. Petersburg, 1998, p. 497. Rev. B53, 1054(1996.
8A. V. Antonov, I. V. Erofeeva, V. I. Gavrilenko, N. G. Kalugin, A. 98 G. L. Jager, S. Wimmer, A. Lorke, J. P. Kotthaus, W. Wegsc-
L. Korotkov, A. V. Maslovskii, M. D. Moldavskaya, S. I. Pri- heider, and M. Bichler, Phys. Rev. &, 045315(2001).
polzin, V. L. Vaks, Y. Kawano, and S. Komiyama, Mater. Sci. 2°Yu. L. Ivanov and Yu. B. Vasilyev, Sov. Tech. Phys. L&}.264
Forum297-298 353(1999. (1983; E. Gornik, K. Unterrainer, and C. Kremser, Opt. Quan-
9K. Hirakawa, K. Yamanaka, Y. Kawaguchi, M. Endo, M. Saeki,  tum Electron.23, S267(1991).
and S. Komiyama, Phys. Rev. &, 085320(2002). 21G. Ebert, K. v. Klitzing, K. Ploog, and G. Weimann, J. Phys. C

10y |, Gavrilenko, I. V. Erofeeva, O. Astaf’ev, I. Kawano, and S. 16, 5441 (1983; G. Nachtwei, Physica EAmsterdam 4, 79
Komiyama, Proceedings of the Workshop “Nanophotonics,”  (1999.

085308-7



